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ABSTRACT 



Polyvinyl chloride (vinyl or PVC) is widely used in toys and 
other children's products. This study, conducted by Greenpeace, examined the 
composition and quantity of phthalate ester additives in children's PVC toys, 
used to give the toys added flexibility. Drawn from 17 countries, a total of 
71 toys designed to be chewed by babies and young children were analyzed. 
Findings indicated that in almost all soft PVC toys analyzed, phthalates 
comprised between 10 and 40 percent of the total weight of the toy. The most 
frequently identified phthalate was the isomeric form diisononyl phthalate 
(DINP) . Of the 63 PVC toys analyzed, 40 contained DINP as the predominant 
phthalate, compared to 8 toys for di (2 -ethylhexyl) phthalate (DEHP) . Of 8 
non- PVC toys analyzed, only one contained any detectable phthalate. DINP 
shows toxicological properties in laboratory animals similar to that of DEHP, 
including liver and kidney disorders, reproductive tract damage, increased 
incidence of certain forms of cancers, and diverse effects on development and 
metabolism. Although DINP, when purchased for laboratory use, is labeled with 
a number of warnings, toys containing up to 40 percent by weight DINP in a 
readily leachable form are frequently labeled "nontoxic." Other compounds 
identified in some of the toys included dibutyl phthalate and butylbenzyl 
phthalate and are known to be particularly hazardous. Thirteen toys contained 
the estrogenic chemical nonylphenol and two toys contained the fungicide 
Fungitrol 11. (Four tables contain findings and details regarding the toys 
tested. Contains 45 references.) (Author/KB) 
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1. Summary 



PVC (polyvinyl chloride or vinyl) is widely used in toys and other children’s products. 
For soft applications, such as toys designed for chewing (“teethers”), softeners or 
plasticisers are added to give the desired flexibility. Although a range of chemicals are 
used as softeners, phthalate esters (phthalates) are by far the most commonly used. 

Phthalates do not bind to the PVC, remaining present as a freely mobile and leachable 
phase in the plastic. As a consequence, phthalates are continuously lost from soft PVC 
over time. Contact and pressure, such as that applied during teething or play, can 
increase the rates at which these chemicals leach from the plastic. 

Children in contact with soft PVC toys may, therefore, ingest substantial quantities of 
phthalates during normal play, especially from toys specifically designed to be chewed. 
This is of concern as phthalates are known to present a number of hazards. Although 
acute toxicity appears to be low, phthalates have been shown to cause a range of 
adverse effects in laboratory animals following longer exposure, including damage to 
the liver and kidney and, in some cases, effects on the reproductive tract. 

The limited research available to date on the composition of phthalates in PVC toys 
has raised concerns over the potential for exposure of children to these chemicals. 
Despite this, manufacturers do not provide information on the types or quantities of 
additives present in toys. Greenpeace was interested, therefore, to obtain a range of 
typical soft PVC toys from a number of countries, particularly those designed to be 
chewed, and to determine the types and quantities of plasticisers present. 

A total of 71 toys were purchased, drawn from 17 countries, the majority of which 
(63) were PVC or had PVC sections. In almost all soft PVC toys analysed, phthalates 
comprised a sizeable proportion (most frequently 10-40%) of the total weight of the 
toy. Although historically the most commonly used phthalate was DEHP (di(2- 
ethylhexyl)phthalate), the most frequently identified, and generally most abundant, 
phthalate in the current investigation was the isomeric form DINP (diisononyl 
phthalate). Of the 63 PVC toys analysed, 40 contained DINP as the predominant 
phthalate, compared to only 8 for DEHP. DEHP was also present as a minor 
component of many of the toys containing DINP, perhaps as a contaminant in the 
DINP. Of the 8 non-PVC toys analysed, only one contained any detectable phthalate, 
and then only in trace quantities (possibly as a contaminant from the PVC in which it 
was packaged). 

Although less well researched than DEHP, DINP shows similar toxicological 
properties in laboratory animals. Effects recorded include liver and kidney disorders, 
damage to the reproductive tract, increased incidence of certain forms of cancer and 
diverse effects on development and metabolism. More recently, research has revealed 
that DINP, along with some other phthalates, shows weak activity as a mimic of the 
hormone estrogen in human cell lines. When purchased for laboratory use, DINP is 
labelled with a number of hazard phrases, including “ harmful by inhalation, in contact 
with skin and if swallowed", "possible risk of irreversible effects ” and “ may cause 
cancer”. In contrast, toys containing up to 40% by weight DINP in a readily leachable 
form are frequently labelled “ non toxic . 

A number of other compounds were identified in some of the toys, generally at lower 
but significant concentrations. DBP (dibutyl phthalate) and BBP (butylbenzyl 
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phthalate), found in several toys, are known to be particularly hazardous. The 
estrogenic chemical nonylphenol was isolated from 13 toys, while 2 toys were found to 
contain the fungicide Fungitrol 1 1 (Folpet). 

The rates at which chemicals leach from soft PVC were not determined in this study. 
Nevertheless, the presence of these chemicals in such quantities in toys designed to be 
chewed by babies and young children, along with published evidence that such 
additives are hazardous and can leach from PVC toys, raises serious concerns. The 
Danish EPA has recently demonstrated that the leaching of phthalates, particularly 
DINP, from teething toys can be substantial. This has been supported by similar 
studies in other countries and has led, in some cases, to recommendations that certain 
toys be withdrawn or even that the use of soft PVC in toys for young children should 
be discontinued. 

The study carried out by Greenpeace has demonstrated that phthalates, particularly 
DINP and DEHP, are widely and abundantly used in high contact children’s toys. 
Their use represents a significant potential for exposure of children to chemical 
hazards, of particular concern during sensitive periods of development. Although it is 
practically impossible to make accurate predictions of dose, exposure to such hazards 
is clearly unacceptable. The only way to avoid direct intake of phthalates is to 
eliminate the use of PVC in all soft toy applications. 



2. Introduction 



PVC (polyvinyl chloride, or vinyl) is a widely used material, including extensive use in 
toys and other children’s products. PVC is never formulated without a range of 
additives to enhance its properties (Ehrig 1992). In order to soften PVC for .the 
manufacture of toys such as chewy teethers, soft figures and inflatable toys, softeners 
or plasticisers are added. A number of chemicals are used, although by far the most 
common are the phthalates (phthalic esters or benzenedicarboxylic acid esters). They 
represent 69% of plasticiser use in the USA, 92% in. Western Europe and 81% in 
Japan. Overall, they represent 82% of the 2.5million tonnes (5400 million pounds) of 
plasticiser use in these three regions (Bizarri et al. 1996). They are moderately 
persistent and, as a consequence of their wide use, are the most abundant man-made 
chemicals in the environment (Jobling et al. 1995). 

Phthalates in soft PVC product are not tightly bound to the plastic, but are present as 
mobile components of the plastic matrix. Loss of phthalates by volatilisation over time 
from soft PVC has long been recognised. According to Cadogan et al. (1993) 
“.'..because plasticisers in flexible PVC are not chemically bound to the polymer, they 
may be lost from the finished article during its use or after final disposal .” This is 
acknowledged by other sources, including the UK Department of the Environment, 
who recognise that the widely used phthalate plasticiser DEHP (di(2-ethylhexyl) 
phthalate) “ will also be released from plasticised products during their use and after 
their disposaC (DoE 1991); Phthalates can also be released from soft PVC by surface 
contact, especially where mechanical pressure is applied (e.g. during chewing of a PVC 
teether). Releases of phthalates during manufacture, use and disposal of PVC 
products, in addition to their use as additives in inks, lubricants, perfumes and other 
■ open-ended applications, has lead to their ubiquitous distribution and abundance in the 
global environment. 

Our exposure to phthalates is therefore twofold. We are exposed to background levels 
of contamination in air, food and water, but may also be exposed through direct 
contact with soft PVC products, particularly those intended as high contact products, 
such as children’s toys and teethers. Although less persistent in the body and 
environment than many other synthetic organic compounds, the continued release of 
large quantities of these chemicals to the open environment ensures that concentrations 
and, therefore, exposures remain substantial. Moreover, recent research suggests that 
phthalates may persist in human body tissues for longer periods than previously 
assumed (Dirven et al. 1993). 

Given the known and potential toxicity of the phthalates, individually and as a chemical 
class, and the ability of the phthalates to leach out of the PVC matrix through contact 
or volatilisation, the continued use of soft PVC as a material for children s toys raises 
serious concerns. This is especially true since children will receive their greatest 
exposure to many of these products, particularly teethers, at an early and sensitive 
stage of their development. It has been known since 1983 (Hanson 1983) that DEHP 
was present in high concentrations in children’s products and could leach out under 
simulated dermal and oral contact. There appeared to be no consistent relationship 
between either the concentration of phthalate in the product or the duration of the 
experiments and the amount of DEHP that leached out. Nevertheless, it was apparent 
that DEHP would continue to leach out of a product over an extended period. 
Moreover, if pacifiers (“dummies”) were squeezed during the leaching experiments, to 
imitate the action of a child chewing, the rate of release of DEHP was increased. 



In 1994 a study conducted by Health Canada reported substantial concentrations of 
DEHP in a number of children’s product (specifically teethers) and made ; the first 
attempts to assess the significance of such toys as point sources of exposure to 
phthalates (Meek and Chan 1994). While recognising the problems ii^m™g at 
liable dose estimates, these authors concluded that: "...for infants 
total intake [of DEHP] may be higher [than for other sectors of the population] 
result of exposure from children s products that contain DEH 

It should be noted that no other phthalates were analysed in this study. Indeed, to date 
there appear to have been few attempts to describe and quantify the distnbution of 
phthalates other than DEHP in PVC consumer products. Both the Dutch and Danish 
governments have, however, recently studied the leaching of phthalates from PVC 
feethers These studies showed that, for some products, leaching rates were 
substantial and might lead, to doses of phthalates which would exceed tolerable daily 
intakes agreed by the European Commission Scientific Committee for Foo 
(McKenzie 1997, Vinkelsoe et al. 1997, SCF 1995). 

Greenpeace was interested to determine current patterns of use of phthalates as 
softeners in PVC toys, using analytical techniques that would yield empirical ata on 
composition. The data from this study cannot be used to produce estimates of oses 
children will receive. Nevertheless, they provide a clear picture of the use of what are, 
essentially hazardous chemicals in teethers and other high contact children s products^ 
The collection of samples from a number of countries, both in terms of country ot 
purchase and manufacture, was designed to give an overview of global market trends, 
as well as local differences, in the use of PVC and phthalates in these products. In 
addition, some information was obtained on the presence of ot er c emica s 
additives or contaminants in the toys. 



3. Materials and methods 

A total of 71 toys were purchased off the shelf from retail outlets in 17 countries and 
forwarded to the Greenpeace Research Laboratories for analysis. The distribution of 
toys received according to country of purchase is summarised in Figure 1 and a 
description of each, is given in Table 1. Distribution according to country of 
manufacture is shown in Figure 2. 

On receipt at the laboratory, samples were taken of each of the toys (samples of each 
section where the toys consisted of several discrete materials or textures) for 
determination of chlorine content as an indicator of PVC (using X-ray microana ysis, 
results not shown). 

All PVC toys and a selection of non-PVC toys were subsequently analysed for 
phthalate plasticisers. Each toy, or section of toy, was frozen in liquid nitrogen for 
several seconds and then grated to produce a finely ground matenal (with a typical 
particle size of less than 2 mm) to ensure efficient extraction of the plasticisers. 

Aonroximately 1 g of each section (weight accurately recorded in each case) was 
transferred to a glass bottle and shaken with a known volume of hetcane, fofrowe 1 by 
sonication for 30 minutes to improve contact between solvent and sample ! , Th ' 
fraction was decanted off, fresh solvent added and the process repeated. The two 
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solvent fractions were combined, evaporated or diluted to a known volume and 
analysed using a Hewlett Packard GC/MS (gas chromatograph/mass spectrometer), 
operated in scan mode. Phthalates were identified according to their retention times 
and mass spectra using standards obtained both from laboratory suppliers, and 
commercial producers/suppliers as reference. Concentrations of individual phthalates 
in the toys or toy sections were determined using calibrations prepared using these 

standards. 

Extraction and analytical procedures were carefully quality controlled. QC procedures 
and acceptance criteria were based on USEPA method 606 for the analysis of 
phthalates. in water samples (EPA 1984). 




Figure 1. Distribution of the toys analysed according to country of purchase 




Figure 2. Distribution of the toys analysed according to country of manufacture 
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Laboratory Code 


3ought in: 1 


Made in: 1 


Description 


6001 t 


JSA < 


Dhina 


reether 


6002 1 


JSA < 


Dhina I 


Doll 


6004 1 


JSA < 


Dhina 


reether 


6005 1 


JSA 1 


JSA 


reether 


6006 1 


Netherlands < 


Dhina 1 


Elastic duck 


6008 1 


Netherlands ( 


Dhina 1 


Baby book 


6013 ! 


Sweden < 


Shina y 


tfnyl ball 


6014 ! 


Sweden < 


Shina 1 


yinyl ball 


6015 


Spain < 


Shina > 


Animal toy 


6016 < 


JK < 


China 


reether 


6018 < 


JK 1 


JSA 


Teether 


6020 


Spain < 


China 


Teether 


6022 


JK 1 


UK 


Teether 


6023 


Australia ( 


China 


Teether 


6024 


Australia 


not known 


Teether 


6025 


Australia 


China 


Teether 


6026 


Australia 


China 


Teether 


6027 


Australia 


China 


Teether 


6028 


Japan 


Honk Kong 


Aeroplane 


6032 


France 


France 


Bath toy 


6033 


Australia 


China 


Teether 


6034 


Australia 


China 


Teether 


6035 


Denmark 


Macau 


Doll 


6036 


France 


Mexico 


Teether 


6038 


Denmark 


Denmark 


Teether 


6039 


Japan 


Japan 


Doll 


6040 


Japan 


China 


Toy food 


6041 


Austria 


Italy 


Teether 


6042 


Austria 


Italy 


Teether 


6043 


UK 


not known 


Rings on a stick 


6044 


UK 


China 


Animal toy 


6045 


UK 


China 


Animal toys 


6046a 


UK 


China 


Gift set - star 


6046b 


UK 


China 


Gift set - head 


6046c 


UK 


China 


Gift set - squeeze bulb 


6047 


USA 


China 


Teether 


6048 


USA 


China 


Baby book 


6049 


Belgium 


China 


Teether 


6050 


Belgium 


China 


Baby book 


6051 


Belgium 


Spain 


Nasal aspirator 


6052 


Belgium 


Spain 


Teether 


6053 


Belgium 


China 


Baby book 


6054 


India 


not known 


Teether 


6055 


India 


not known 


Teether 


6056 


India 


not known 


Animal toy 


6057 


India 


India 


Doll 


6061 


India 


not known 


Inflatable toy 


6063 


Canada 


China 


Bracelet doll’s house 


6064 


Canada 


China 


Inflatable toy 


6065 


Argentina 


China 


Animal toy 


6067 


Argentina 


China 


Teether 


6068 


Argentina 


Mexico 


Teether 


6069 


Argentina 


China 


Animal toy 


6071 


Argentina 


not known 


Animal toy 


6072 


Netherlands 


China 


Doll 




Table 1: Description of toys analysed (continued over) 
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Laboratory Code 



Bought in: iMade in: Description 



6073 

6078 

6081 

6083 

6085 

6086 

7001 

7002 
7005 
7006a 
7006b 

7007 

7008 

7009 

7010 

7011 

7012 
7013a 
7013b 
7013c 
7014 



Netherlands Thailand Animal toy 



Indonesia China Teether 

Indonesia not known Teether 

Germany Hong Kong Teether 

Germany China Bath toy 

Germany China Bath toy 

Philippines China Teether 

Philippines USA Teether 

Philippines China Toy food 



Philippines China Bath toy - clam 

Philippines China Bath toy - frog 



Philippines USA Teether 

Philippines UK Teether 

Philippines not known Teether 

Philippines China Teether 

Philippines Philippines Teether 



Philippines China Inflatable toy 

Canada China Key teether - soft section 

Canada China Key teether - hard section 

Canada China Key teether - hard ring 

Canada China Animat toy 



Table 1: Description of toys analysed, with country of purchase and of origin 



During the initial phase of the survey the following phthalates were quantified: DEP 
(diethyl phthalate), DnBP (di-n-butyl phthalate), DiBP (diisobutyl phthalate), BBP 
(benzylbutyl phthalate), DEHP (di(ethylhexyl) phthalate) and D[NP (diisononyl 
phthalate). Other phthalates and alkyl phenols were identifiable with mass spectral 
matching and comparison of retention times with target analytes. However, they were 
not quantifiable because of the non-availability of analytical standards. They are 
therefore reported in Table 2 as being detected but not quantified. For some samples, 
this precludes calculation of a figure for total phthalate concentration. Acquisition of 
further phthalate standards, development of methods and further Quality Control work 
allowed an extended range of compounds to be quantified during later analyses. Octyl 
and nonyl phenols were also quantified for later samples. 

Sample 6044 presented difficulties for other reasons. The phthalates isolated 
corresponded with DINP based on retention time. However, the profile of the sample 
differed markedly from that of the standard, indicating a variation of composition 
sufficient to add a degree of uncertainty to the quantitation. 



4. Results. 

Almost all toys or subsections of toys, identified as PVC contained phthalate esters, 
with the majority in the range of 1 0-40% by weight (Table 2). Notable exceptions 
include 6068 6078 7008, 7009 and 7013b&c, which XRM analysis identified as PVC 
but did not contain phthalates. Samples 6068, 7013b and 7013c were hard, and so 
absence of plasticisers is understandable. Sample 7001, which contained only 0.004% 
phthalate was also hard PVC. Of the others, the identity of the plastic was uncertain in 
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Figure 3. Frequency distribution for phthalates and other compounds in PVC 
toys. % indicates proportion of all PVC toys in which compound was found. 

6078, 7008 and 7009; XRM identified traces of chlorine at close to detection limits in 
these samples, yet their appearance and texture were more consistent with polyolefins 
(possibly polyethylene or polypropylene). Only one non-PVC toy contained phthalates 
(sample 6022). The trace concentrations of DEHP probably result from surface 
contamination from the packaging, a transparent plasticised PVC pouch, in which it 
was sold.. 

DINP was the phthalate most frequently found in toy samples and tended to be present 
in the highest concentrations. DEHP was the next most frequently found. Where 
present, isomeric phthalates generally comprised 10-40% of the weight of the toy, 
though the maximum recorded was over 50% DINP in a teether. This is in line with 
other studies on the phthalate content of children’s products (Bragt 1997, Hanson 
1983, 1985). Not infrequently, toys would contain high concentrations of DINP and 
traces of DEHP. This is most probably due to DEHP being present as an impurity in 
the DINP (Marsden 1996). 

The isomeric phthalates DIOP (diisooctyl phthalate) and DIDP (diisodecyl phthalate) 
were found at concentrations in excess of 10 percent in a few samples and were 
present, but not quantified, in several others. The following phthalate esters were 
found at comparatively low concentrations in the toys in this study: DEP (0.16%) 
DnBP (0.002-0.18%), DiBP (0.45%), BBP (0.001-0.02%), DnOP (di-n-octyl 
phthalate, not quantified), DnNP (di-n-nonyl phthalate, not quantified). The 
distribution of phthalates and other compounds in the toys is shown in Figure 3. 

Nonyiphenol was detected in 13 toys (in both sections analysed for sample 7006), at 
concentrations, where quantified, of 0.009-0.36%. Octylphenol was not detected in 
any of the toys. A number of other compounds were isolated from some of the toys. 
Only a fraction of these could be identified reliably, including the fungicide Fungitrol 
1 1 (found in samples 6069 and 6072), the antioxidant butylated hydroxytoluene (BHT, 
found in seven samples) and a range of long-chain paraffins (C10-C30, identified in 15 
samples). More tentative identifications were obtained for esters of bis(2-ethylhexyl) 
adipate (DEHA, five samples), esters of phosphonic and propanoic acid, alkyl 
benzenes and derivatives of phenol and butyric acid. No further attempts were made to 
confirm identities or quantify these additional compounds. 
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5. Discussion 



This study was targeted at plasticised PVC toys and so does not cover the entire range of toys 
on sale. Nevertheless, some trends were evident. The majority of toys received were made 
wholly or partly of PVC, though the plastic was only infrequently identified on the packaging. 
All inflatable toys, bath toys, and baby books received consisted of phthalate-plasticised PVC. 
Squeeze toys, which appeared in a number of categories, were also consistently phthalate- 
plasticised PVC. Other categories were less consistent. One other notable fact is that most of 
the toys were manufactured in China. A full breakdown of the country of manufacture of toys 
is given in Figure 2. 

Contrary to initial expectations, DEHP was not the most commonly used phthalate. In a 
report prepared for the US Consumer Product Safety Commission in 1983 (Hanson 1983), 
DEHP was the only phthalate identified in eleven of fourteen children’s products analysed. It 
was also the focus of the study by Meek and Chan (1994). However, in the current study, 
DINP (diisononyl phthalate), a mixture of 30 or more isomers of dinonyl phthalate, was the 
most common form identified, although other, long-chain, isomeric mixtures were also 
isolated. This reflects a market shift away from DEHP towards the use of the much more 
poorly characterised isomeric phthalates. This is especially true in China, the origin of the 
majority of the toys analysed. 

As, historically, the most commonly used phthalate in PVC was DEHP, the majority of 
toxicological and other research on the phthalates has been carried out on this compound. 
Initially assessed as having fairly low toxicity, based on acute exposure studies in laboratory 
animals, it is now recognised that DEHP can exert a number of chronic toxic effects following 
longer exposures and may be an important reproductive poison, (Life Systems, Inc., 199 j). 
More recently concern has been raised about the ability of DEHP and some other phthalates to 
interact with hormone receptors in animals. Jobling and coworkers (1995) demonstrated that 
DEHP was able to bind to the human estrogen receptor, although it showed no significant 
estrogenic activity. Its potential to interfere with other aspects of the hormone system has not 
been fully investigated. 



Concern over the toxicity of DEHP has led to its being used less frequently in food contact 
materials (e.g. PVC foodwrap). Nevertheless, this does not extend to consumer products in 
general, although direct exposure may be a very significant source. At the same time, the 
trend away from DEHP use appears to have led, in many cases, simply to replacement with 
other phthalates, including isomeric mixtures of phthalates such as DIOP, DINP, and DIDP 

The market shift to DINP may be a response to serious concerns relating to the suspected 
reproductive toxicity and other hazards associated with DEHP. Although less extensively 
studied data currently available for DINP suggest that this isomeric phthalate may also carry 
many of the hazards associated with DEHP, impacting similar target organs in chronic studies 
(especially the liver, kidney and reproductive tracts) as DEHP. DINP, for example, has been 
shown to exhibit a range of toxic effects in laboratoiy animals. There is, therefore, little 
reason to assume that isomeric phthalates present less of a potential hazard. 



Furthermore, the formulations of technical mixes will tend to vary in composition in a similar 
fashion to technical mixes of, for example, the PCBs. This will greatly complicate analytical 
procedures and toxicological testing. Pure standards will not be available for the individual 
components of these mixes for the foreseeable future, so it will not be possible to determine 
their relative concentrations within any product. Variation between batches and the 
contamination of commercial and industrial mixes with other phthalates, or even other 
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compounds, is frequently noted ( e.g . see Harris et al. 1997). It is recognised, for example, 
that technical preparations of DINP may contain smaller quantities of DEHP as a contaminant 
of the manufacturing process (Marsden, 1996). This could account for the DEHP reported in 
some of the toys in this study in which DINP was the dominant phthalate. Similarly, some 
isomers will be expected to exhibit the greater persistence and/or toxicity than others. Until 
each component has been characterised, purified and tested, these isomeric mixes will continue 
to present an unquantifiable risk. 

Much of the existing data on the toxicity of DINP has been collated by the Swedish National 
Chemicals Inspectorate (KEMI 1994) and by the European Commission under the IUCLID 
initiative (European Chemicals Bureau 1996). Additional data is available from the US EPA 
(Myers 1991, USEPA 1991 & 1992) and from the Aristech Chemical Safety Information 
Database (Aristech 1995). 

A wide range of toxic effects has been recorded in mammals following acute and chronic 
laboratory exposures (KEMI 1994). Some, such as stress and damage to the liver, kidney, 
stomach and other organs and effects on blood and urine biochemistry (European Chemicals 
Bureau 1996, Myers 1991, USEPA 1991 & 1992), appear to be characteristic of many of the 
phthalates tested to date. Long-term exposure to DINP has been linked to gross changes in 
organ and body development in rodents. In addition, exposure to DINP appears to increase 
the incidence of certain cancers in rats, including liver, testicular and endometrial tumours, and 
lead to reduced survival from mononuclear cell leukaemia (MCL)( Aristech 1995, KEMI 
1994). Structural and functional changes in development of reproductive organs have also 
been reported following chronic exposure to DINP (European Chemicals Bureau 1996, Myers 
1991, USEPA 1991), as well as some evidence for an increase in frequency of deformed and 
non-motile sperm in rats (USEPA 1992). 

In some of the studies described above, a No-Observed-Effect-Concentration of DINP could 
not be determined, i.e. significant toxicological or developmental effects were observed even 
at the lowest doses used (Myers 1991). In addition, it is worth noting that the relatively low 
acute and chronic, toxicity often reported for DINP to aquatic organisms (Adams et al. 1995, 
Rhodes et al. 1995) may simply result from the poor water solubility of the compound. 

As for DEHP, the ability of DINP and other isomeric phthalates, or their metabolites, to 
interact with hormone systems has not been properly investigated. Nevertheless, recent 
research by Harris et al. (1997) demonstrated that DINP can show weak estrogenic activity in 
the human breast cancer cell line ZR-75, although inconclusive results were obtained from 
yeast screen assays. 

Understandably, as for most chemicals, very little information exists on the effects of DINP on 
humans Nevertheless, a single case study (attributed to BASF) refers to chronic skin 
irritation in a child exposed to DINP. Further details, including the route of exposure, are not 
available (European Chemicals Bureau 1996). 

Despite the recognised hazards associated with DINP and, indeed, with the other phthalates 
identified in this study, children’s toys that contain high percentage compositions of phthalates 
are not labelled accordingly. The information available on packaging of PVC toys which may 
comprise more than 40% phthalate by weight is in stark contrast to that supplied when 
phthalates are purchased as chemicals for laboratory use. This is illustrated by the contrast 
between the risk and safety information that must be followed when handling DINP in the 
laboratory and the labelling on a toy. A typical toy comprising 41% by weight ^006) 

was simply labelled “non-toxic”. However, under EU legislation (directive 67/548 As 
amended) DINP purchased for laboratory use bears the following risk and safety phrases. 
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R45 - may cause cancer 

R20/21/22 - harmful by inhalation, in contact with skin and if swallowed 

R40 - possible risk of irreversible effects 

S53 - avoid exposure, obtain special instructions before use 

S45 - in case of accident, or if you feel unwell, seek medical advice immediately 

S36/37/39 - wear suitable protective clothing, gloves and eye/face protection 

S3/7 - keep container tightly closed in a cool place 

Furthermore, DINP purchased in the USA must be accompanied by a material safety data 
sheet carrying the following warnings (Anstech 1995): 

SKIN CONTACT- excessive contact may produce mild irritation. Persons with pre-existing 
skin disorders may be more susceptible to dermatitis. Remove contaminated clothing. Wash 
skin thoroughly with soap and plenty of water . Call a physician. 

INGESTION - may cause nausea, vomiting and diarrhea. The chronic health effects of this 
product have not been fully determined. Give 1-2 glasses of milk or water. Induce 
vomiting by sticking finger down the back of throat. Call a physician. 

The data from this investigation do not allow us to estimate the dose to which a child playing 
with any one toy will be exposed. As mentioned above, it is well recognised that DINP and 
other phthalates leach from PVC to the air, in to liquid solvents and on to the skin. The dose 
received by an individual child playing with a certain toy will depend on many factors, 
including phthalate composition and concentration, toy design and purpose, exposure time, 
method of play and degree of mouthing and chewing activity. Any estimates of dose would, 
therefore, be highly subjective. This was acknowledged by Meek and Chan (1994). These 
authors analysed teethers for DEHP and estimated exposure based on assumed leaching rates. 
They estimated that exposure to PVC teethers in children up to 4 years old could boost 
exposure of the average child to around 50% of the maximum tolerable daily intake for DEHP 
in Canada, but recognised that the range of individual exposures is probably extremely wide, 

However, research' carried out for the US Consumer Product Safety Commission (CPSC) in 
the early 1980s (US Directorate for Health Sciences, 1983) did attempt to estimate exposure 
through direct measurement of phthalate leaching under simulated use conditions. They 
estimated that a child could ingest 66-1055mg (milligrammes) of phthalates from toys, teethers 
and pacifiers. This was a total dose based on use of these products over 1-3 years. Exposure 
via skin contact with vinyl pants and playpen liners was also thought to contribute a significant 
dose; a further dose of over 200mg over two years according to one scenario. 

More recently, a study carried out by the Danish EPA (Vinkelsoe et al. 1997) reported 
substantial leaching of a range of phthalates (including DEHP, DINP, BBP, DnBP and DnOP) 
from some PVC teethers, even under chemical and mechanical conditions which may be much 
milder than those to which the products are subjected under normal use. Since this study 
measured actual leaching rates, their dose estimates have greater precision than do those of 
Meek and Chan (1994). The Danish EPA concluded that the worst teether, soft vinyl sweets 
produced by Chicco, would give a child a dose of 2219ug (microgrammes) phthalates/kg body 
weight through chewing for three hours. This is more than 40 times the tolerable daily intake 
agreed for DINP by the European Commission’s Scientific Committee for Food (SCF 1995). 
Over the same period, a second teether would provide a dose of 1044ug/kg of phthalates and 
a third 9ug/kg. The Danish EPA recommends that even the teether releasing 9ug/kg should 
be removed from the market as a precaution since a child actively chewing a teether would 
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extract more phthalates from the teether than the baths of artificial saliva used in the tests 
(MacKenzie 1997). 

The Dutch government has also conducted similar tests (Bragt 1997), estimating that children 
sucking or biting toys over 4 months could be exposed to l-2mg phthalate (DINP plus DIDP) 
per day. This compares with maximum background exposure from food sources of 
0.18mg/day. The Dutch Institute for Public Health and Environment (RTVM) recommend a 
tolerable daily intake (TDI) of 0.15mg/kg body weight for DINP and 0.18mg/kg body weight 
for DEDP. Consequently, it is estimated that between 5% and 50% of babies chewing PVC 
teethers exceed the Dutch TDI for DINP. None exceeded the Dutch TDI for DIDP. The EC 
Scientific Committee on Foods (SCF 1995), however, has assigned temporary tolerable daily 
intakes (t-TDIs) to DINP and DEDP at lower levels (0.03 and 0.05mg/kg body weight 
respectively. Clearly, a greater proportion of children will be ingesting phthalates in excess of 
these t-TDIs. A full listing of the TDIs and t-TDIs published by the EC Scientific Committee 
for Foods are given in Table 3 below. 

On the basis of their study, RIVM concluded that, although exposure presented no immediate 
danger to babies, negative effects could not be excluded. The Dutch Ministry of Health 
therefore asked that toy manufacturers and distributors make efforts to prevent unnecessary 
and undesirable exposure of babies to phthalates (Bragt 1997). 

Whilst attention naturally focuses on those components which are present in, and leachable 
from, toys in the largest quantities, some of the minor components have also shown toxic 
effects in experimental systems. 

DnBP was found in seven samples at a concentration range of 0.002-0.18%. It affects the 
liver and kidneys (Chan & Meek 1994 Life Systems, Inc. 1990) and the male and female 
reproductive systems in laboratory animals (Wine et al. 1997, Chan and Meek 1994). 
Reproductive success can be impaired (Wine et al. 1997. Chan & Meek 1994, Ema et al. 
1995, Life Systems, Inc. 1990). Offspring may be malformed (Chan & Meek 1994, Ema et al. 
1993, Ema et al. 1995), with reproductive function in male offspring compromised. DnBP has 
also been reported to mimic the hormone estrogen (Jobling et al. 1995). 

BBP, which was found in six samples (concentration 0.001-0.02%), is also estrogenic 
(Jobling et al. 1995) and can reduce testicle size and sperm production in rats (Sharpe et 
al. 1995). It can have adverse effects on the female reproductive system (Ema et al. 1994) and 
may have the capacity to induce birth defects in animals (Chan & Meek 1994, Ema et al. 
1993, Ema et al. 1995). 



Compound name and abbreviation 


TDI or t-TDI 


me/kg body wt. 


diethyl phthalate (DEP) 


t-TDI 


0.2 


dibutyl phthalate (DBP) 


t-TDI 


0.05 


butyl benzyl phthalate (BBP) 


t-TDI 


01 | 


di(2-ethylhexyl phthalate (DEHP) 


TDI 


0.025 


diisononyl phthalate (DINP) 


t-TDI 


0.03 


diisodecyl phthalate (DEDP) 


t-TDI 


0.05 


discyclohexyl phthalate 


t-TDI 


0.1 


phthalic acid diesters with hexadecanol and/or octadecanol 


t-TDI 


0.15 



Table 3. EC tolerable daily intakes (TDIs) and temporary tolerable daily intakes (t- 
TDIs) for phthalates (SCF 1995) 
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DEP was found in one sample (6038; a teether from Denmark) at a concentration of 0.16% by 
weight. Under laws that relate to Superfiind sites, the USEPA has identified DEP as a 
hazardous substance (Sciences International Incorporated 1995). It can damage the male 
reproductive system, reduce reproductive success and cause malformation of offspring. 
Effects on the liver and irritation of the eye have also been reported in laboratory studies 
(Sciences International Incorporated 1995). 

Nonylphenol (NP) is a persistent chemical that has been found to mimic the hormone estrogen 
and impair sperm production in fish (Jobling et al. 1996). Its presence in the freshwater 
environment results principally from the breakdown of nonylphenol polyethoxylates (NPEs), 
still used as industrial detergents and as spreading agents in pesticides. Nevertheless, the 
direct use of nonylphenol as an additive in PVC (possibly as a stabiliser in phthalate 
formulations), could account for further releases, and may be of particular significance as a 
source of exposure in children. The toxicity of nonylphenol and related compounds led to a 
recommendation by the Paris Commission to phase out the use of NPEs in household and 
industrial detergents (PARCOM 1992). Sweden is expected to call for a binding decision to 
phase out all uses of NPEs which result in contamination of the environment (ENDS 1996), 
citing in particular the known estrogenicity of nonylphenol. With this in mind, applications 
that could lead to ingestion by children should clearly be a priority. 

As noted above, a number of other compounds were isolated from some of the toys, many of 
which were identified only tentatively or not at all. Of those which were identified reliably, the 
fungicide Fungitrol 11 (samples 6069 and 6072) deserves further consideration. Fungitrol 11, 
also sold as Folpet, is a phthalimide fungicide. It is recognised as a skin irritant (Royal Society 
of Chemistry 1987) and is highly toxic to fish and aquatic invertebrates (Royal Society of 
Chemistry 1987; USEPA 1987b). It can also cause tumours in mice (USEPA 1987a&b), but 
not rats (USEPA 1987b). Teratogenicity has been reported for rats and rabbits (USEPA 
1986, 1987b). Folpet is no longer sold in the United States (Thomson 1990). 

PVC resin itself is not usually vulnerable to microbiological attack. However, the phthalate 
plasticisers may be more susceptible. As the fungicide was found in toys with over 40% by 
weight phthalate content, it could well be added with the intention of preventing 
microbiological attack on the plasticisers or other additives. 

As the identities of the majority of other compounds isolated could not be confirmed, their 
toxicological significance cannot be determined. Nevertheless, it is probable that a proportion 
of these compounds will also leach from the toys as a result of chewing or other contact and 
could, therefore, add to the overall burden of chemicals to which children playing with PVC 
toys will be exposed. 



6. Conclusions 

The current survey is the widest conducted to date on the presence of phthalate esters and 
other components in children’s toys. Despite the fact that children have been known to be 
exposed to phthalate from PVC toys for some years, and the continuing concern surrounding 
the toxicity of phthalate esters, PVC toys still routinely contain a significant proportion of 
phthalates. The observed market shift from DEHP to DINP and other high molecular weight 
isomeric phthalates is not reassuring. 

Recent research, particularly that carried out by the Danish and Dutch governments, has 
heightened concerns about the exposure of children to phthalates leaching from toys. As a 
result of the concern these studies have generated, a number of PVC products have been 
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withdrawn from the market in Denmark, Sweden, Italy, Spain and Greece (ENDS 1997, 
Mackenzie 1997). Some toys have also been removed from sale in Argentina and the 
Netherlands. The results presented here indicate that the majority of soft PVC toys contain 
substantial proportions of phthalate esters that have the potential to leach out during use and 
therefore present an exposure risk to infants. 

Given the vulnerability of the developing child to toxic insults, exposure to all toxic chemicals 
should be minimised. The results of this study indicate the potential for significant exposure to 
toxic chemicals from PVC toys. This must be regarded as an unacceptable risk and it is 
recommended that plasticised PVC and alkyl phenols should be withdrawn from use in all 
toys. 
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DETAILS OF TOYS TESTED BY GREENPEACE 
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Description 


Teether 


Dotl 


Teether 


Teether 


Plastic duck 


Baby book 1 


Vinyl ball 1 


Vinyl ball 


Animal toy 


Teether 


Teether 


Teether 


Teether 


Teether 


Teether 


Teether 


Teether 1 


Teether 


Aeroplane 


Bath toy 


Teether 


Teether 


Doll 


Teether 


Teether 


Doll 


Toy food 


Teether 


Teether 


Rings on a stick 


Animal toy | 


Product number 


• 


1 


• 


• 


• 


635 


o 

o 

1 

o 


01-007 


• 


2028 


1412 


65338 


16-21-017 


4531 


i 


i 


i 




i 


523200 


405259 


403159 


1 


i 


143 103 




i 


64160.0 


63151 


i 


66600 


Product name 


Soft'n Munch Dessert Teether 


Barney Fun Time Baby Bop 


SofSport Teether 


Sports Fun Water Teether 


Plastic Bath Ducks 


Baby's First Picture Book 


Vinyl Leksak (yellow) 


Vinyl Leksak (orange) 


Soft Animals (bear) 


Hard'n Soft fruits 


Cool Animal Teether 


|Greedy Teething Ring 


Dolphin Cooling Teether 


Cooling Gum Soother 


Teething Ring 


SofKey Teething Ring 


Rattle Teether 


Infant Play Teething Toy 


not known 


Bath Toys (Fish) 


Cl) 

£ 

CD 

H 

i 

<D 

03 

0) 

3 

CT 

CO 


Cooling Teether 


Space Precinct - Officer Took 


Animo Dentition 


Hand og Fod Baby 


not known 


Plastic Cream Cake 


Golosoni Teething Toys 


Baby Fruits 


Stack Rings 


Silbiditos Tiger ("Tigger") 


Manufacturer/distributor 


Safety 1st Inc 


Child Dimension/Hasbro 


Safety 1st Inc 


Safety 1st Inc 


ToysWorld/CE Family Shop 


CE Family Shop 


CE Toyman AB 


CE Toyman AB 


Chicco/Artsana S.p.A. 


The First Years/Kiddies Products 


The First Years/Kiddies Products 


Chicco/Artsana S.p.A. 


The Boots Co PLC 


Rainsfords Ply Ltd 


Playskool Baby Inc/Hasbro 


Safety 1st Inc 


Tommee Tippee/Jackel Int Ltd 


Remco Baby, Azrak-Hamway Int'l 


Combi Co. Ltd 


CE Vulli SA 


Tommee Tippee/lnt'l Brands Ltd 


Tommee Tippee/lnt’l Brands Ltd 


AS Mega Trading/Mentorn films 


Playskool Baby Inc/Hasbro 


SV Aoi-doi 


Bandai Co Ltd 


Toyroyal/Royal Co Ltd 


Chicco/Artsana SpA 


Chicco 


Fisher-Price/Mattel 


Disney/Arco Toys/Mattel 


Made in: 


China 


China 


China 


USA 


China 


China 


China 


China 


China 


China 


USA 


China 


UK 


China 


not known 


China 


China 


China 


Honk Kong 


France 


China 


China 


Macau 


Mexico 


Denmark 


Japan 


China 


Italy 


Italy 
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China 


Bought in: 


USA 


USA 


USA 
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Netherlands 


Netherlands 


Sweden • 


Sweden 


Spain 


UK 


UK 
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UK 


Australia 
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